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^^^^^^fi?fDUCTOR FOR SEMICONDUCTOR DEVICE AND METHOD OF MAKING [THE 
JSAME 

This application claims priority to Korean patent applications No. 96-55392 filed 

November 19, 1996 and No. 97-60671 filed November 18, 1997 in the name of-Samsung 
Electronics Co., Ltd. 



BACKGROUND OF THE INVENTION aaild ATlVNIOIdO 

SUadVd dO AdOO 

1. Field of the Invention 
10 The present invention relates generally to [a ] semiconductor [device] devices, and 

[method of making the same. In particular] more particularly, [the present inyention,relates . 
]to [a ] semiconductor [device] devices including spiral inductors [for an integrated circuit 
]and a.method of making the same. 

15 2. Description of the [Prior] Related Art 

In forming a semiconductor device, the use of individual devices such as transistors, 
resistors, inductors^ etc. [arejis indispensable. [ Among them] Of all these devices, [it 
isl inductors are typically the most difficult to make [the inductors jsince they [are morel have 
the most complicated [in structure than other devices] structures . 

20 [FIGsjFIGS. 1 to 4 are perspective views for explaining a conventional method of 

making inductors in a semiconductor device[, which incorporates] as disclosed in U.S. Patent 
No. 3,614,554 ([Title of Invention : ]"Miniaturized Thin Film Inductors For Use In Integrated 
Circuits", Application No. 770,375). 

After collectors 13 of integrated circuits are formed in a semiconductor substrate 10 

25 according to a design rule, the surface of the substrate is covered with a first insulating layer 
12, and then conductive collector terminals 15 are formed which connect to the collectors 13. 
Then, after [a ] first [to an] through eighth [underlying] lower conductive lines 14a to 14h 
constituting conductors are formed [ofl using metal materials (FIG. 1), an oxide film 16 is 
formed to cover the surface of the substrate on which the first [to the] through eighth 

30 [underiying] lower conductive lines 14a to 14h are formed . Then .[ and then] a bar 18 of 
magnetic [materials] material is formed [in order to cross] on top of the oxide film 16 and 
across the first [to the] through eighth [underlyingjlower conductive lines 14a to 14h (FIG. 2). 

Thereafter, a second insulating layer 20 is formed to cover the surface of the substrate 
on which the bar 18 is formed[, and then a first to a ] . First through eighth contact 
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[holejholes 22[a to ] a to 22\h that expose ] h are then formed in the insulating layer 20 
thereby exposing one [ends of the first to l end of each of the first through eighth 
[underlying] lower conductive lines 14[a to 14h and a] a to 14h. and ninth [to a ] through 
fifteenth contact [hole]holes 24[a to 24h that expose ] a to 24h are formed so as to expose the 
5 other [ends of the first to thel ends of the first through eighth [underlying] lower conductive * 
lines 14a to 14[h are formed on the second insulating layer 20.]Il Next, a layer of metal 
material is formed on the oxide film 16 to cover the contact holes[ and] . The metal layer is 
then[ is] pattemed[, thereby forming a 1 to form upper conductive lines 26a through 26g. A 
first end of each of upper conductive lines 26a-26g is connected to a firs t end of each of 

10 lower conductive lines 14a-14g. respectively, through contact holes 22a-22g, respectively. A * 
second end of each of upper conductive [linel lines 26a[ which1 -26g is connectedvito. [.the]a.i:^. 
[one] second end of [the first underlying] each of lower conductive [iinejlines 14[a1 b-14h, 
respectively, through [the first jcontact [hole 22a and is also connected to the other end of the 
second underlying conductive line 14b through the ninth contact hole 24a; a second upper 

15 conductive line 26b which is connected to the one end of the second underlying conductive 
line 14b through the second contact hole 22b and is also connected to the other end of the 
third underlying conductive line 14c through the tenth contact hole] holes 24[c: a tjbdrd upper 
conductive line 26c which is connected to the one end of the third underlying conductive line 
14c through the third contact hole 22c and is also connected to the other end of the fourth 

20 underlying conductive line 14d through the eleventh contact hole 24d; a fourth upper 

conductive line 26d which is connected to the one end of the fourth imderlying conductive 
line 14d through the fourth contact hole 22d and is also connected to the other end of the fifth 
underlying conductive line 14e through the twelfth contact hole 24e; a fifth upper conductive 
line 26e which is connected to the one end of the fifth underlying conductive line 14e through 

25 the fifth contact hole 22e and is also connected to the other end of the sixth imderlying 

conductive line 14f through the thirteenth contact hole 24f; a sixth upper conductive line 26f 
which is connected to the one end of the sixth underlying conductive line 14f through the 
sixth contact hole 22f and is also connected to the other end of the seventh underlying 
conductive line 14g through the fourteenth contact hole 24g; a seventh upper conductive line 

30 26g which is connected to the one end of the seventh underlying conductive line 14g through 
the seventh contact hole 22g and is also connected to the other end of the eighth underlying 
conductive line 14] b-24 h[ through the fifteenth contact hole 24h; and a metal pad 30 
connected to the one end of the eighth underlying conductive line 14h for applying an 
external signal (FIG] , respectively . [4).] 
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[At this time, the] The first [to the] through eighth [underlying] lower conductive lines 
14a to 14h and the first to the seventh upper conductive lines 26a to 26g [constitutes] form a 
single inductor coil. 

FIG. 5 is a sectional view of a conventional conductor taken along line a-a' of FIG. 4, 
5 wherein the same reference numerals as those [explained by reference to ^FIGs] used in FIGS . 
1 to 4 indicate the same components. 

[The one] One end of the second ("underlying] lower conductive line 14b is connected 
to the second upper conductive line 26b, and the other end thereof is connected to the first 
upper conductive line 26a. 
10 [According to the above-referenced U.S. Patent No. 3,614,554, there] There are two 

disadvantages to an inductor fabricated as [foUows.l described above. - .^c^ 

[Firstly]First, when the line width of the conductive [line] lines of the inductor coil is 
[made finejreduced, the[ value of] self-[induction]inductance L [is reduced due tb]of the 
[reasons] inductor is reduced as explained [in detail Jbelow^ even thou^ the 
1 5 [thickness] thicknesses of the oxide film 16 and the second insulating layer 20 Fisl remain 
constant. 

In [case of|an inductor coil that is [windedjwound [in] with N [riumbers] tums , _ 
fon] around a magnetic material having a non-magnetic permeability of and a cross- 
sectional area of S,[ when] current I ("flows] flowing through the inductor fcoiK] generates a 
20 magnetic field H[ is generated], and the self-f induction] inductance Lf of this time] is given 
[as]by Equation 1 . 

L= [N sHS]NitQ/XsHS/I [ JiEquation 1} 

25 When [the ]two inductors are [consisted] fabricated, the mutual inductance [value ]is 

expressed [as]by Equation 2, wherein i is current, V is voltage, is magnetic flux density, 
and n is the number of [winding] tums . 

[ Equation 2] 

30 M?! = n^^Ti^/ij, Mti = M22 = M, Vi^A^^" fEquation 2) 

[According to the above] From Equation f L] 1 it is apparent that the self- 

[induction] inductance L is proportional to the cross- sectional area S inside the coil. [Here, 

assuming] Assuming that the length of the semiconductor device 10 in a direction [in ]parallel 
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[with]to the bar 18 is "a" and the vertical [directional ]length of the contact hole is "b" (see b 
in FIG. 5), [it becomesl the cross-sectional area is S = a x b. 

[At this time, according to the above-referenced] In a device fabricated as described 
above with reference to U.S. [Patent No. I Patent No. 3,614.554, the dimension "a" is related 
5 to the size of the design which the inductor occupies, and [the ]"b" is determined^by-the sum 
of the [thicknessl thicknesses of the oxide fihn 16 and the second insulating layer 20. 
However, even ("though] when the [ thickness] thicknesses of the oxide film 16 and the second 
insulating layer 20 [is] are held constant, reducing the[ "a" value may be depended upon the 
state of the inductor coil, wherein in case that the line] width of the [underlying conductive 

10 line and the ]upper and lower conductive [line both constituting the inductor coil is fine] lines, 
for example, to less than 0.5 [m]um, can reduce the ["b"] value of L because.^even.thoughi'a" 
may depend on the area the inductor occupies, the valu e of "b" is constrained since it is 
relatively dependent fon] upon the line width, and thus[ it]^ functions as a factor [of|in 
reducing the \L ] valu e of L . 

15 [SecondlyjSecond, [This is jbecause [that jthe inductor coil disclosed in the above- 

referenced U.S. [Patent No. ] PatentNo. 3.614,554 [isl does not [circularly winded. In other 
words, in case that the inductor coil is not] have a circula r cross section, [a continumig^ch^ 
of ]the magnetic field [cannot be made since an abrupt change of the magnetic field is 
generated] changes abruptly at the [portion where] sharp turns in the coil [is bent (see A]as 

20 shown at I in FIG. [5).]5^ 

SUMMARY OF THE INVENTION 
It is an object of the present invention to solve the problems [involved in] associated 
with the prior art, and to provide a semiconductor device including inductors in whic h the 
25 self-inductance can Fincreasel be increased easily [the value of self-induction ]and [is capable 
of maintaining the change of) in which the magnetic field changes uniformly. 

It is another object of the present invention to provide the most suitable method of 
making the inductor. 

In order to accomplish [the] these [above-jobjects, a semiconductor device including 
30 inductors according to the present invention comprises: an insulating layer formed on a 

semiconductor substrate; a [semicircle colimmar ]groove having a semicircular cross-section 
formed in said insulating layer; a cylindrical insulator [formed on] aligned with said groove; 
and[ inductors of a] spring[ shapel -shaped inductors having [underlying] lower conductive 
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lines formed between said insulator and said groove[,] and[ having] upper conductive lines 
[being] in [contacted] contact with the [underlving] lower conductive lines. 

The lower conductive lines are slanted longitudinally along the groove and formed 
across the groove with a predetermined distance therebetwee n^The upper conductive lines 
5 are also slanted longitudinally along the groove and formed across the groove -with- a ^-^^-"--^- - 
predetermined distance therebetween. 

[The underlying conductive lines are slantly longitudinally formed with] a pr e d e t e rmin e d 
distniic e th e r e b e tw ee n [ along the groove, the underlying] 

The ends of the upper conductive lines [being formed across the groove, the upper] are 

1 0 connected to the ends of the lower conductive lines [are slantly longitudinally formed with a 
predetermined distance therebetween along the groove, the upper conductive lines being 
formed across] on both sides of the [groove.] 

Th e upp e r conductivo lin o s aro [formed to cormect their one end with one end of the 
underlying conductive lines, respectively and to cormect their other end with the other end of 

15 the underlying conductive lines, respectivelv.] cvlindrical insulator. 

The semiconductor substrate is [any one of| formed from either silicon [substrate]or 
[and]a compound semiconductor [substrate ]such as gallium arsenide etc. The entire 
[surface] surfaces of the [underlying] lower conductive lines^ except for the jportions 
[coimecting] which [with]contact the upper conductive lines^ [is] are covered with an oxide 

20 film and an oxidization prevention layer^ injftiat order. 

A method of making a semiconductor device including inductors according to the 
present invention comprises the steps of; forming a [semicircle columnar ] groove having a 
semicircular cross-section in an insulating layer on a semiconductor substrate; forming 
[underlying] lower conductive lines with a predetermined distance therebetween [on]in the 

25 groove; forming a cylindrical [insulating layer in the groove formed withi insulator above the 
[underlying] lower conductive lines and [on the surface of the substract] aligned with the 
groove ; and forming upper conductive lines on the [insulating layer to] insulator and in 
contact with said [xmderlving] lower conductive lines. 

The step of forming the groove further comprises the steps of: forming a nitride film 

30 on the insulating layer; forming a photosensitive film pattern for exposing the nitride film 
[for] to form a groove; etching the nitride film by using the photosensitive film pattem as a 
mask[ to be exposed the insulating layer for forming the groove]; and etching the exposed 
msulating layer. 

The [underlying]lower conductive lines are [slantlvl formed across said groove and 
35 slanted longitudinally [formed ]along [said groove to across! the groove . 

A method of making a semiconductor device including inductors fiirther comprises 
the steps of: forming an insulating layer on the surface of the [imderlying] lower conductive 
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lines; covering the entire surface of the substrate [formed with the insulating layer ]with an 
oxidization prevention layer; and burying a buried material between the conductive lines in 
the groove. 

[buring bury material between the upper conductive lines in the groove. ] 

A method of making a semiconductor device including inductors further comprises[ 
the 1 the step of forming [a ]a.contact region by etchin g the insulating layer and the 
[insulating layer and the ]oxidization prevention layer for connecting[ the underlvingi the 
lower and [upper conductive lines after the buring] upper conductive lines. 

10 Thestep[. ] 

[The step] of forming[ the insulating layer comprises the 1 the insulating layer comprises the 
steps ofT; 1: laminating an oxidizable material on[ the ] the entire surface ofl the ] the 
substrate[ to thereby be entirely buried the groove;]; and formin g the insulating layer on the 
surface of the substrate and the [insulating layer on] groove by oxidization of the [surface of 

1 5 the substrate and the groove by oxidization of the oxidizable material.l oxidizable material. 

The step of filling the groove with oxidizable materials further comprises the steps of: 
laminating oxidizable materials on the entire surface of the substrate to [thereby buried] burv 
the groove; and etching the oxidizable materials to fill only [in ]the groove. 

A semiconductor device including inductors according to the present invention 

20 comprises: [ a] [semicircle]a groove having a semicircular cross-section formed in an 

insulating layer on a semiconductor substrate; a magnetic core [formedj aligned [onl with the 
groove; and inductors having a spring shape[ and] , the inductors having [underlying]lower 
conductive lines formed between the magnetic core and the groove, and upper conductive 
lines formed on the magnetic core to [thereby ]contact [with ]the [underlying] lower 

25 conductive lines. The [xmderlving] lower and upper conductive lines are formed of 
aluminum or copper having low resistance value. The oxide film is formed between the 
substrate and the [underlying] lower conductive lines, and between the [underlying] lower 
conductive lines and the upper conductive lines. 

A method of making a semiconductor device including inductors comprises the steps 

30 of: forming a [semicircle ] groove having a semicircular cross-section in an insulating layer 
on a semiconductor substrate; forming [underlving] lower conductive lines with a 
predetermined distance therebetween [to ] across the g roove: forming a magnetic core in the 
groove [formed with] over the [underlying] lower conductive lines; and forming upper 
conductive lines on the magnetic core, the upper conductive lines [being contacted 

35 with] contacting the [underlying]lower conductive lines. 

The step of forming groove comprises the steps of; forming an oxide film as a relief 
region on the substrate; forming a silicon nitride layer and [an oxide film in]a high 
temperature oxide film in on the oxide film; forming a trench by etching the oxide film, 
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silicon nitride layer and [oxide film in ]high temperature oxide film ; forming an oxide film 
on the entire surface of the substrate; foraiing an[ semicircle] groove having a semicircular 
cross-section by wet-etching the oxide fibn; and removing the oxide fihn, silicon nitride 
layer and [oxide film in ]high temperature oxide film . 
5 The step of forming [underlying]theiower conductive lines comprises the step^s^g;^^^ 

forming an oxide film on the entire surface of the substrate; forming a conductive material 
on the oxide film; and forming [underlying] lower conductive lines with a predetermined 
distance therebetween along the groove by pattemizing the conductive material. 

The step of forming the magnetic core comprises the steps of[; ]Lforming an oxide 
10 fihn, a magnetic material and a capping oxide layer [in order on] over the [substrate formed 
with the underlying] lower conductive lines; forming the magnetic core in the groove by 
pattemizing the magnetic material; and wrapping the magnetic core with the oxid^^ 
forming a spacer at both [side]sides of the magnetic core. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The above [object] objects , and other features and advantages of the present invention 
will become more apparent by describing the preferred embodiment thereof with reference to 
the accompanying drawings, in which: 

[FIGs]FIGS. 1 to 4 are perspective views for explaining a conventional method of 
20 making inductors [oflon a semiconductor device. 

FIG. 5 is a sectional view of a conventional inductor taken along line [V]a-[V]a' of 

FIG. 4, 

[FIGs]FIGS. 6A and 6B are a plan view and a sectional view , respectivelv, of a first 
embodiment of a semiconductor device including inductors, which is manufactured [by the 

25 method ]in accordance with[ a first embodiment of] the present invention. ^ - 

[FIGs] FIGS . 7 A to 12 A and 7B to 12B are sectional views and plan views, 
respectively, for illustrating the p rocess [flows] flow for [explaining the] a first embodiment of 
a method of making a semiconductor device including inductors according to[ the first 
embodiment of the present invention, where respective process flows attached "A" are 

30 sectional views and respective process flows attached "B" are plan views.][ FIG. 13A and 
13B are a plan view and a sectional view of a semiconductor device including inductors, 
which is manufactured by the method in accordance with a second embodiment of] the 
present invention. 
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FIG. 13A and 13B are a plan view and a sectional view of a second embodiment of a 

semiconductor device including inductors, which is manufactured in accordance with of the 
present invention. 

[ FIGsjFIGS. 14A to 19[ are] A and 14B to 19B are sectional views and plan views. 
5 respectively, for illustrating the process [flowsjflow for [explaining the] a second embodiment 
of a method of making a semiconductor device including inductors according to the [second 
embodiment of the Jpresent invention[, where respective process flows attached "A"]-afe 
fj e ciional vi e ws and [respective process flows attached "B" are plan views]. 



1 0 DETAILED DESCRIPTION f OF PREFERRED EMBODIMENTS! 

[Figl . 6 A is a sectional view FIG. 6B is a plan view of a first embodiment of a^^^^. ^ 
semiconductor device including inductors according to the [first embodiment of the Jpresent 
invention, and [Fig. 6B is a plan view , where Fig. 6A is a plan view I FIG ft g. 6A is a 
sectional view taken along line a-a' of [Fig]FIG.6B. 

1 5 The semiconductor device [including inductors according to the first embodiment ]of 

[the present invention, which comprises] FIGS. 6 A and 6B includes a[ semicircle colunmar] 
groove having a semicircular cross-section 38 formed in an insulating layer 32 on a 
semiconductor substrate 30, [underlying] lower conductive lines 40[(40]a-40 g (collectively 
"40") [longitudinally ] formed [to intersect] across the groove 38 and slanted longitudinally 

20 with a predetermined distance [thereamong] therebetween along the groove 38, a cylindrical 
insulator 50 formed [on] above the lower conductive lines and aligned with the groove 38, an 
insulator 52_formed on the f smooth] flat part of the substrate, upper conductive lines 54a-54f 
riongitudinallv] (collectively "50") formed [to intersectjacross the groove 38 and slanted 
longitudinally with a predetermined distance therebetween along the groove 38, and a 

25 magnetic core 47 formed Fonl above the [underlvingl lower conductive lines and below the 
insulator 50. The upper conductive lines 54a-54f [are arranged] slanted in the opposite 
direction [ofjfrom the [underlying] lower conductive lines 40. 

The semiconductor device [including inductors ]of [the present inventionl FIGS. 6 A 
and 6B also [comprises] includes an oxide film 42 formed [on] over the [entire surface of the 

30 underlying] lower conductive lines 40a-40g except for the contact portion A, an oxidization 
prevention film 44 formed on all the surfaces of the substrate except for the contact portion 
A, a buried layer 46 buried in the groove [38]38i and [a] an oxide prevention film 56 formed 
over the entire semiconductor device on all surfaces of the substrate including the upper 
conductive lines 54. 
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[ At this time, the underlying] The lower conductive lines 40 [are slantly arranged with the 
shortest line intersecting the groove 38 with the predetermined distance thereamong. The 
] and upper conductive lines 54 are [slantly arranged to the underlying conductive lines 
40] slanted in [the ] opposite [direction with a predetermined distance thereamong]directions 
5 so that [they] each of the upper lines are connected to one end of the two neighboring*'^ '*^ 
[underlying] lower conductive lines. That is, the first upper conductive line 54a is connected 
to one end of the first [underlying] lower conductive line 40a and one end of the second 
[underlying] lower conductive line 40b through [the ]contact [portion] portions A. The second 
upper conductive line 54b is cormected to one end of the second [underlying] lower 

10 conductive line 40b and one end of the third [underlying] lower conductive line 40c through 
the contact [portion] portions A. The [others of the] other upper conductive lines^are*w»*K*^.s^.-^ 
connected to the [underlying] lower conductive lines, respectively ^ [as]in the same manner. 

Therefore, both the upper conductive lines and the [underlying] lower conductive lines 
[are formed their cormecting parts as] form a spiral coil unlike the prior art. ; / 

15 In the present invention, the [underlying] lower and upper conductive lines are made 

of polysilicon [intol doped [which]with impurities [are doped ]and conductive materials such 
as tungsten T etc.[, and the] The semiconductor substrate 30 is made of a.<jompo]Lmd[J^^^ 
as [a ]silicon (Si[ or a]}^ gallium arsenide (GaAs}^ etc. 

[Therefore, firstly, according to the inductors of| An inductor in accordance with the 

20 present inventio n solves problems associated with conventional inductors. First [ since] the 
self-inductance [value] of an inductor in accordance with the present invention is not 
dependent on[ the length of] the vertical [direction] length of the contact hole for connecting 
the upper [conductive lines ]and [the underlying] lower conductive lines, but iis] instead, ^ 
[dependent] depends on the thickness of the insulator [50, the conventional problem can be 

25 solved that] 50. Therefore, the self-inductance [value is relativelyjisnot dependent on the line 
width of the conductive lines [constituting! as with a fspirall conventional [coil] inductor . 

[Secondly] Also, since the [coil can be made] cross-sectional shape of an inductor in 
accordance with the present invention is more nearly circular[ shape unlike the prior art], 
[both the underlying conductive lines and the upper conductive lines surround the insulators 

30 of a columnar shape, the conventional problem can be solved that a continuous change of 
magnetic field could not be made due to an] there are no abrupt [change]changes [of| in the 
magnetic field[ generated at the portion] where the coil [is bent] bends (see I in FIG. 5). 

[FIGs]FIGS. 7 to 12 are [process flows] views for rexplainingl illustrating the process 
flow of a first embodiment of a method of making a semiconductor device including 
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inductors according to the present invention, wherein [respective process flows attachedjthe 
"A" figures are sectional views and [respective process flows attached] the "B" figures are 
plan views. 

[First, FIGs]FIGS. 7A and 7B are [sectional ]views showing the semiconductor 
5 device after the[ semicircle columnar] groove 38 is formed. As can be"seen"fi-btn"the"*^^^ ^ ^ 
drawings, a first insulating layer 32 is formed on a semiconductor substrate 30 made of 
[compound, such as a ]silicon[ or]^ gallium [arsenic] arsenide, etc.. by depositing or 
growing[,] an oxide film 32 [with 10,000A of ] to a thickness of 10,000 A . Subsequently, a 
silicon nitride layer 34 is formed [with 1,500A of ] to a thickness of 1,500 A on the first 

10 insulating layer 32, and a photosensitive film pattern 36 is formed on the silicon nitride layer 
[34 to be] 34. The -ej^ photosensitive film pattern is exposed [the silicon nitride layep-placed^ 
in the portion] to form a pattern for [forming a semicircle colmnnajtiie groove. Next, the first 
insulating layer 32 is exposed by etching the exposed silicon nitride layer 34 ixsinp 
photosensitive film pattern 36 as [the]a maskF of] photos e nsitiv e film pattem r36.L 

1 5 Subsequently, the groove 38 is formed by etching the exposed first insulating layer[, iii which 
the groove is to form the spiral inductor. At this time, the first insulating layer 32 is etched] 
by [the]a predetermined [manners,]grocess such as anisotropic etching[.Qr]44soti'Qpip^^^ 
or[ the] combined [etching of ]anisotropic [etching ]and isotropic etchiiig. 

[FIGs]FIGS. 8 A and 8B are [sectional ] views showing the semiconductor device after 

20 [underlving] the lower conductive lines 40 and magnetic core are formed. The photosensitive 
film pattem 36 and a silicon nitride layer 34 are removed and^ conductive material, for 
example, doped Poly-Si or Tungsten W is deposited on the entire surface of the substrate 
including the groove 38. The conductive material is pattemized by a conventional method to 
[thereby ]form the [underlying] lower conductive lines 40 [of] across the [inductor. ] groove 38. 

25 The [underlying] lower conductive lines 40 are [slantlv] slanted longitudinally [formed] along 
the groove 38 with a predetermined distance therebetween[ along the groove 38. At this 
time, the underlying conductive lines 40 are formed across the groove 38. Subsequently]. 
Then, an oxide film 42 is formed[,] as a relief film[,] on the [underlying] lower conductive 
lines 40 [with 1 50A of]toa thickness of 150A . At this time, the oxide fihn 42 is formed by 

30 [the manner in that] either oxidizing the surfaces of the [underlying] lower conductive lines 
40[ are oxidized1 a-40g o r depositing or growing the oxide film 42[ is deposited or grown] on 
the [underlying] lower conductive lines 40a-40g. An [oxide] oxidation prevention layer 44, 
[such as] e.g. , a nitride, is deposited [with 500A ofjtoa thickness [on] of 5 00 A over the entire 
surface of the substrate. [Next 1 Then , a buried layer 46 is formed i n the gaps between the 
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[underlying] lower conductive lines 40 in the groove [38. In other words, by a] 3 8 using an 
etchback process to form a flux material[,] such as[,] spin-on glass [GOS is formed with 
2000A ofl SOG to a thickness[ to] of 2000 A thereby [being buriedl burving the 
funderl vingi lower conductive lines 40a-40g in the groove [38.1 38 and then etching the flux 
5 material back until the oxdization prevention layer is exposed. [That is] Nextr a"cdre"^'^"^"^ ^ 
[materialsjmaterial, such as a.magnetic [material ]or conductive material^ is formed on the 
entire [of the ]substrate [with lOOOA ofl to a thickness of lOOOA and then limited to[ 
thereafter be formed a magnetic core 47 only in] the groove 38 by wet or dry [pattering. 
] patterning, thereby forming a magnetic core 47. 

10 [FIGs] FIGS . 9A and 9B are [sectional ] views of the semiconductor device after [a 

semicircle columna groove is filled with ]an oxidizable material [to thereby^be^smoothed*a-^ * 
substrate. On the entire surface of the] is formed on the device. The groove and surrounding 
substrate [the] is covered with an oxidizable material 48, such as polysilicon or; 
[armorphos] amorphous silicon [is formed with 10,0O0A ofj to a thicknes s of 10,000 A. and the 

1 5 [substrate] oxidizable material is [smoothed by the performing of the] theri flattened using a 
GMP [process ]or etchback process. At this time, the oxidizable material 48 is 
[exposed] removed until the oxidization prevention layer 44 and the buried .laygril;6^are^v^.^^^^ 
exposed. Therefore, the oxidizable material 48 is divided into two parts, a first relatively 
thicker p ortion 48a [fomed on] formed within, and filling, the concave portion of the groove 

20 [38]38i and a second relatively thinner p ortion 48b formed on [the smooth] the surroimding 
flat portion[ of the substrate.] of the substrate. 

[FIGs]FIGS. 10[A and l A and lOB are [sectional views after m insulato^ 
by the ] views after insulators 50 and 52 are formed. An oxidization [process for the 

25 oxidizable material] process, which expands the volume each of the oxidization portions, is 
performed on the oxidizable material 48a, 48b[. The oxidizable materials 48] , thereby 
forming a [and 48b are oxidized, to thereby form a ]thick oxide film 50[ by oxidization ] by 
oxidization of [the ] the silicon. [ At this] [time, when the oxidization portion is oxidized, the 
volume thereof is expanded, and therefore the oxidization portion the] Since the expanded 

30 volimie depends on the initial thickness [ of which is thick forms a relative ttucker insu^^^ 
than an oxidization portion the 1 , the cylindrical insulator 50 is formed to a thicknessf of 
which is thin. In other words, a cylindrical insulator 50 is formed by means of the first 
oxidization portion, and peripheral insulators 52 the thickness of which are thinner than] that 
[of the insulator 50 are formed by means of the second oxidization portion.] is greater than 

35 that of the peripheral insulators 52. 
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At this time, the oxide prevention layer 44 is maintained [at] in an exposed state since 
it is not oxidized. 

[FIGsjFIGS. 1 1 A and 1 IB are [sectional ] views after[ a] contact [region]regions A 
for connectingjhe upper conductive lines (not illustrated) and [under! vingi lower conductive 
5 [line]lines 40 are formed. The contact region A is formed[ by remoy ing] ..fixid^Q^^ ^, , 

*mght-[be formed on the oxidization prevention layer (indicated by 44 in FIG. 10)] by lightly 
wet-etching the resulting surface of the substrate [in which the insulator 50 and the peripheral 
insulators 52 are formed, and] including the oxidization prevention layer[, thus] 44 (and any 
by removiiit^ jjxide films which might have formed thereon), thereby exposing the 

10 [underlying] lower conductive line 40. 

[FIGs]FIGS. 12A and 12B are [sectional ] views after ttie.upper conductive lines 54 
are formed. [The] A conductive material such as doped Poly-Si or Timgsten^is^fOTmgd 
conductive material,] on the entire surface of the substrate[ to]^ thereby [contact 
with] contacting the [underlying] lower conductive [line] lines 40 through [a jcontact 

15 [region] regions A. Next, the upper conductive lines 54 are [longitudinary ] forme d across the 
cylindrical insulator 50 with a predetermined distance therebetween along the groove . The 
u pper conductive hnes 54 are formed b y using a pattemizing method [for] and slanted 
longitudinally along the [conductive materials. At this timeQ insulator in the[ upper 
conductive lines 54 are formed across the groove 38 to thereby be] opposite dkec^ 

20 [ofjfrom the [underlying] lower conductive lines 40a-40f. The upper conductive lines 54a-54f 
are formed [to contact their] such that both of their ends [withjcontact [theja neighboring 
[corresponding underlying] lower conductive [lines theretojUne through the contact 
[region] regions A.[ Subsequently, on] 

Next, an insulating material is formed over the entire semiconductor device on all 

25 surfaces of the substrate including the upper [conductive lines 54 insulating material is 

covered to] conductive lines 54, thereby [form] forming an insulating layer 56^so fe^ for 
protecting the cylindrical coil [consisted] consisting of the [imderlying]lower and upper 
conductive lines[ can be protected]. As shown in [Fig] FIG . 12B, one end of the first 
[underlying] lower conductive line 40a is cormected to the one end of the upper conductive 
30 line 54a, and the other end of the upper conductive line 54a is connected to the other end of 
the [underlying]lower conductive line 40b. The [same] remaining conductive lines are 
connected in a similar manner[ can be applied to the rest parts of the underlying and upper 
conductive lines]. [ Furthermore,! The insulator 50 assists the formation of a coil [is formed 
to have] having a spiral shape[ by assistance of the insulator 50.] ^FIG. 13A and 13B are 
35 a plan view and a sectional view of a second embodiment of a semiconductor device 

including inductors[, which is] manufactured [by the method ]in accordance with [a second 
embodiment of the]the present invention. 
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[ FIGs. 14 to 19 are process flows for explaining the method of making a 
semiconductor device including inductors according to the second embodiment of the present 
invention, where respective process flows attached "A" are sectional views and respective 
process flows attached "B" are plan views.] 
5 As shown in [Fig]FIG. 13 A, a second embodiment of a semiconduqtQr,4e^i^^^^^ 

including an inductor according to the present invention [comprises a semicircle 
columna] includes a groove having a semicircular cross-section 67 formed in an insulating 
layer 60 on [the ] a semiconductor substratef 60, underlying] , an oxide film 68 formed on the 
entire surface of the substrate including the inner surface of the groove, lower conductive 

10 lines [7U]71a-71 g (collectively '71") [slantlv] formed across the groove 67 and slanted 

longitudinally[ arranged at a] along the groove with a predetermined distance therebetween[ 
across the groove 67, an oxide film 72 formed on the entire ofl . an oxide film 72 fornied over 
the entire surface of the [substrate 60 including the imderlving] substrate including the lower 
conductive lines 71 to [thereby be exposed a predetermined surface of the 

1 5 underlying] conform to the surface of the lower conductive lines, a magnetic core 75 formed 
[on the oxide film 72 on the groove, ] over the oxide fihn 72 and ahgned with the groove, a 
ca pping oxide layer 76 formed over the top of the core 75, oxide spacers 78 formed along the 
sides of the core 75, u pper conductive lines [54(54a-54] 80a-80f (collectively "80") 
[slantlv] formed across the magnetic core 75 and slanted longitudinally [foimed] a^^^ 

20 core with a predetermined distance therebetween[ along the groove 38.]^ The ends of upper 
conductive lines [54 are formed to ]80 contact [their ends with the neighboring] the ends of 
corresponding [underlying] lower conductive lines 71 [ thereto] through [a ]contact [region A. 
] regions C. Therefore, the upper and lower conductive lines formed a coil having a cross- 
sectional shape that is more nearly circular than a conventional coil, 

25 [ The semiconductor device according to the present invention] The semiconductor 

device of FIG. 14 fiuther [comprises] includes a protection layer [86] 82 formed on the entire 
surface of the substrate including the magnetic core 75 and the upper conductive lines 
[54.]8a 

[ At this time, the imderlying conductive lines 71 are, as shown in Fig. 13B(71a-71g), 
30 consisted of a plurality of conductive lines which are formed to run counter with the nearest 
line acrossing the groove 100. Furthermore, the upper conductive lines are, as shown in Fig. 
13B(80a-80f) consisted of a plxu-ality of conductive lines which are formed to contact their 
ends with the ends of the neighboring corresponding underlying conductive lines thereto.^ 
Therefore, the underlying and upper conductive lines are formed to have a circular coil shape 
35 unlike the conventional method.] 

[ On the surface of the underlying conductive lines except for the connecting parts with 
the an oxide film 72. ]The [underlying] lower and upper conductive lines [according to the 
present invention] 71 and 80 are formed [by] from a conductive material[,] such as[ the] 
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doped-polysilicon Poly-Si or txmgsten T, and substrate [60 ]is made [of] from a compound[,] 
such as silicon or [galluim arsenic 1 gallium arsenide ( GaAs). 

[ Therefore, according tol An inductor for a semiconductor device fabricated in 
accordance with the present invention as shown in FIG. 13 overcomes the problems[ having] 
5 associated with conventional inductors because the[ prior art can be solyed,.since]^self-_^. 
inductance[ value] does not depend the longitudinal length of the contact region for 
connecting the [underlying conductive lines and the ]uppe r and lower conductive lines, but 
instead, depends on the thickness of the [insulator 50.] magnetic core 75. Fiuthermore, it 
is possible to form a circular coil since the [underlying and ]uppe r and lower conductive lines 

1 0 are formed to enclose the [insulator. ]core 75. 

[ FIGs] FIGS . [13] 14 to 19 are [process flows]yiews for [explaining]illustrating the 
process flow of a second embodiment of a method of making a semiconductor^de^j^^^,^^ 
including inductors according to the [second embodiment of the ]present invention, [where 
respective process flows attached] wherein the "A" figures are sectional views and [respective 

15 process flows attached]the "B" figures are plan views.[ Figs. 14A, 14B and Fig. 15A, 
15B are sectional views for forming a semicircle colimma groove for a spiral coil,] 
[Figs]FIGS. 14A and 15A are sectional views taken along with the lines a-a' in FIGS. 14B 
and [a-a'] 15B, respectively. 

[ On a semiconductor substrate 60 made of compoimd, such as silicon] Referring 

20 to FIGS 14A and [Ga] 14B, an oxide fihn 62 for relief is grown [with 500A of ] on an 

insulating layer 60 to a thickness[ and a] of 5 00 A. A silicon nitride layer 64 and [an oxide 
film in]a high temperature oxide film 66 are then formed [with 7000A of thickness.] [ 
Subsequently,]over the oxide film [66 in1 62 to a thickness of 7000A. The high 
temperature[,] oxide film 66, the silicon nitride layer 64 and the oxide film [62]62i are all 

25 etched [and] along with the [substrate] insulating layer 60 [is etched by] to a depth of 3 to Sjam 
of[ thickness to] thereby Fforml forming a trench 67a. 

To form a groove having a [semicircle] semicircular fshapel cross-section, although it 
is not shown in the drawings. [the]an oxide film is grown in the trench 67a [is grown ]to 
[thereafter be removed, and the oxide film is formed with 1 |im of]a thickness [to thereby 

30 be] of 1 ^im and thereafter removed by wet etching. [And] Also, the[ oxide film 66 in] high 
temperature[,] oxide film 66, the silicon nitride layer [64]64i and the oxide film 62 for relief 
are removed to thereby form a groove 67 having [the]a [semicircle] semicircular shape. 

[Figs]FIGS. 1 5 A and 1 5B are sectional views after the [underlying] lower conductive 
lines are formed. After [an oxide film 66 in]tiie high temperature[, a] oxide film 66, the 

35 silicon nitride layer [64]64^ and [an]ttie oxide film 62 for relief are removed, an oxide film 68 
is grown [with 2000A of| to a thickness of 2000A for insulating an inductor [therefrom 
on] from the groove 67. Subsequently,_a conductive material 70, such as [the ]doped Poly- 
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Silicon[ or]i Aluminum or Copper [having low resistance value ]is formed [with] to a 
thicknessof 2^m[ of thickness]. 

[Figs] FIGS. 16A and 16B are sectional views after the [underlying] lower conductive 
lines are formed. hi [Figs]FIGS. 16A and 16B, [a]the conductive material 70 is 

5 pattemized [by jusing a photosensitive film pattem (not shown) to [thereby,]form^^^.^,..,^. . 
[underlying] lower conductive lines 71(71a'71gX*] across the groove 67. At this time, the 
funderlvingl lower conductive lines 71 are [slantlv] slanted longitudinally [formed] along the 
groove with a predetermined distance therebetween[ along the groove 67 to thereby across 
the groove 67.]^ 

10 An oxide layer 72 for insulating the fintemall interior of the inductor is formed [with 

5000A ofl to a thickness of 5000A . [Subsequently, a] A core material 74, such as magnetic 
[material ]or conductive material^ is then formed on the oxide film 72 [to] and .thereafter[.be 
performed L a GMP process [for smoothingl is performed so as to flatten the core material. 
[Subsequently, a]A capping oxide layer 76 is then formed [with 5000A of| to a thickness of 

1 5 5 OOP A on the surface of the [smoothed ]core material [72.]74. 

[FigsJFIGS. 17A and 17B are sectional views after a magnetic core is formed. 
The magnetic core 75 is formed by pattemizing both the core material 74 and the 
capping oxide layer 76 [by Jusing [the]a photosensitive film pattem {not shown}. An oxide 
layer is then formed [with 5000A of| to a thickness [to] of SOOOA and thereafter[ be^ 

20 anisotropic] , anisotropiclv -etched to [be ]formed a spacer 78. Therefore, the magnetic core 
75 is[ definitely] isolated by the oxide films 72, 76 and 78. 

[FigsJFIGS. 18A and 18B are sectional views after upper conductive lines are formed. 
First, [anjtiie oxide film 72 is etched to form [a Jcontact [holej holes C iri order to [be 
exposed] expose both sides of each of the [xmderl vingj lower conductive lines 71. The 

25 upper conductive lines 80(80a-80£) are then formed with the same conductive material as the 
[underl ving] lower conductive lines.[ At this time, the] The upper conductive lines ^80 are 
[slantlv] formed across the core 75 and slanted longitudinally [formed to across] along the 
[groovejcore [67,J75 in the opposite direction [ofjfrom the [underl vingi lower conductive 
lines so as to [thereby Jcontact the [both J ends [thereof withjof the[ neighboringj 

30 corresponding [underl vingi lower conductive lines 71 [thereto Jthrough the contact 

[holejholes C.[ Subsequently, on] An insulating material is then formed over the entire 
surface of the substrate [formed withi including the upper conductive lines 80 [is covered 
with insulating material ]to[ therebyj form an insulating layer 82. Next, a metal wiro 8 4 is 
forni e d [. The metal wire 84 is formed only at both ends of the underlying conductive lines if 

35 the inductor has a constant value, and may be formed every underlying conductive lines if the 
inductor has not a constant value.J 

At this time, one end of the [underlying] lower conductive line 71a is connected to one 
end of the upper conductive line 80a. The other end of the upper conductive line 80a is 
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connected to the other end of the [underlying] lower conductive line 71b. The [same manner 
is applied to the rest parts of the underlying and upper] remaining conductive lines are 
connected in a similar manner . 

Next , a metal wire 84 is formed at the lower conductive lines at both ends of the 

5 inductor to provide an electrical contact thereto. Wires can also be formed at other , , 

conductive wires to provide taps for obtaining different inductance values. 

[Furthermore, it]It can be seen that a coil Fconsisting] formed [ofjfrom the [underlying 
and ] uppe r and lower conductive lines 71, [SOJSO^ which are connected [therebetween 
]through the contact [hole]holes C [is formed to havejhas a spiral shape. 
10 [FigsJFIGS. 19A and 19B are a_sectional view and plane view, respectively[ 

according to the] , of a third embodiment of the present invention. [ In the drawings, the two] 
Two parallel grooves 67 are formed for an inductor which [is consisted of| includes uppjer^. , 
conductive lines 80(80a-80g), 80['*]X80a -80g') and [underlying] lower conductive lines 
71(71a-71g), 7r(71a-71g'). It can [be ]also be imderstood that the coil, which is [consisted 
1 5 of the underlying conductive lines and] formed from the upper and lower conductive lines[, is 
formed to have] has a spiral shape which does not have any angled portion caused by the 
insulator 50. 

As described above, abrupt changes in the magnetic field of an inductor fabricated 
according to[ the] the present invention[, the change of magnetic field ] can be [constai^^^^ 
20 maintained] eliminated since the [inductors can be made] inductor has a spiral shape and the 
[increasement of| an increase in self-[induction value] inductance can [be jalsojbe facilitated 
since the thickness of the insulator and the positional density of the conductive lines can be 
freely controlled. 

While the present invention has been described and illustrated herein with reference 
25 to the preferred embodiment thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the spirit 
and scope of the invention. 

30 
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INDUCTOR FOR SEMICONDUCTOR DEVICE [INCLUDING INDUCTORS J AND 
METHOD OF MAKING! THE] SAME 



ABSTRACT OF THE DISCLOSURE ^^-^^^^^^^..^.^-^^ 

[There is disclosed inductors of a l An inductor for a semiconductor device[ and 
method of making the same. The inductor according to the present invention includes a 
semicircle columnar groove]_is forme d within a groove in an insulating layer on a 
semiconductor [device,] substrate. [a] A number of [underlying] lower conductive lines are 
formed [on the insulating layer in the shape of intersecting] across the groove[, a columnar]^ 
A cylindrical insulator is.formed [onjover the [insulating layer so that the bottom^^facc^of^^ 
which contacts the number of the] lower conductive lines[,] and[ upper ] aligned with the 
groove. Upper conductive lines [formed on thel are formed over the cylindrical insulator[ in 
the shape of intersecting the insulator ] . The upper and [connected to each of tihe number of 
the underlying] lower conductive lines[. As a result, according] are slanted lengthwise along 
the groove in opposite directions to [the present invention] form a spiral coil having a circular 
cross-section , thereby preventing abrupt changes in the[ change of] magnetic field[^can be . 
maintained constant since the inductors can be made spiral and increase] . The ends of[ self- 
induction can be also facilitated since] u pper conductive lines contact the ends of the lower 
conductive lines so that the thickness of the [insulator] coil is controlled by the thickness of 
the cylindrical insulator, thereby allowing the self-inductance to be increased and the 
positional density of the conductive lines [can]to be freely controlled. 
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